The densities, ρ and viscosities, η of NH 4 Cl, NiCl 2 and FeCl 3 in dimethylsulfoxide were studied as a function of concentration. The partial molal volume, ( 0 v ϕ ) of these electrolytes were evaluated. The viscosity and viscosity-coefficients (A and B) were also determined by Jones-Dole equation. B-coefficient for NiCl 2 and FeCl 3 are positive that show structure making behavior in all the solutions while those of NH 4 Cl are negative indicating structure breaking properties. The coefficient A represents the solute-solute interactions coupled with size and shape effect of the solute and to some extent solute-solvent interactions. The behaviors of three solutes in binary systems were discussed in terms of the charge, size and hydrogen bonding effect.
Introduction
Volumetric and viscometric properties of binary mixtures have been very helpful to obtain information on the solute-solvent interactions and geometrical effects in the systems [1, 2] . Experimental results of viscosity measured in large concentration of electrolytes in aqueous solutions and the solvent-solvent interaction are available in the literature [3] [4] [5] [6] [7] [8] [9] [10] . However, only limited numbers of experimental viscosity data of electrolytes in highly concentrated solution in non-aqueous solvents are available [11] [12] . Solvent like, dimethylsulfoxide (DMSO) find a wide range of applications of technological importance, namely as solvent and solubilizing agents in organic synthesis, reaction kinetics and electrochemical studies [13] [14] [15] [16] . A systematic study of the structural and energetic consequences of the interaction between electrolytes and DMSO will enable us to understand how electrolytes exercise thermodynamic and kinetic control over the chemical activities in non-aqueous media. On the basis of this hypothesis the title study has been undertaken.
Experimental
The reagents used were distilled DMSO, analytical grade chemicals viz., Ammonium Chloride (E-Merck, India), Nickel Chloride (E-Merck, Germany) and Iron (III) Chloride (E-Merck, Germany). DMSO was purified by a quick-fit glass made distillation apparatus and received at its boiling point, 189°C. All the glass made apparatus were thoroughly cleaned and dried in electric oven. The smaller pieces of apparatus were dried in electric oven and stored in a desiccator, while larger pieces of apparatus were used directly from the oven. For viscosity measurement at different temperatures in range of 288 K to 313 K, an Ostwald viscometer of British standard institution with a thermostat (The Fisher scientific TM 200) with fluctuation of ±0.1 o C was used. The flow of time was recorded by a timer accurate up to ±0.01 s. The densities of the solutions were determined by weighing a definite volume of the solution in a pycnometer at specified temperature. An electronic balance (HR-200, Made in Japan) with an accuracy of ±0.0001 g was used for weighing.
Results and Discussion
The volumetric, viscometric and some other related properties of some inorganic salts such as NH 4 Cl, NiCl 2 and FeCl 3 in a non-aqueous solvent, DMSO have been measured at the range of temperatures of 288, 293, 298, 303, 308 and 313 K. The densities ρ were tabulated in table-1 and the plots of density vs molality were shown in Fig. 1 . The representative curves (Density vs molality) for all the electrolyte systems are almost linear in all solutions. The values of densities ρ increase with the increasing molality of the electrolytes. [17] . The variation of ϕ v o in these cases, therefore, may be due to the difference in ionic radii, charge density and ion-solvent interactions respectively. The variation of ϕ v o with molality of DMSO can be rationalized in terms of cosphere overlap model. 4 Cl can be explained by the consideration of large size and small charge density of NH 4 + ion. The coefficient A represents the solute-solute interactions coupled with size and shape effect of the solute and to some extent solute-solvent interactions. In this study an irregular variation in values of A coefficient is found. This irregular variation in the values of A coefficient may be due to the incomplete dissociation and ion association of electrolyte in DMSO. The values of 'A' have been found to decrease with the rise of temperature. This is probably due to the greater thermal agitation and reduction of attractive forces between the ions. The increase in 'A' value can be explained by the inter-penetration effect, which brings the ions closer together. The higher positive A values of NiCl 2 and FeCl 3 were observed. This is may be due to the higher charge to radius for Ni 2+ and Fe 3+ .
Conclusion
Volumetric and viscometric properties of some simple electrolytes e.g., NH 4 Cl, NiCl 2 and FeCl 3 were studied in DMSO. Some interesting solution properties of these electrolytes were observed from these studies. Both the volumetric and viscometric properties are depended upon electrolyte concentration as well as on the temperature. B-coefficient values for NiCl 2 and FeCl 3 in DMSO solutions are positive while those of NH 4 Cl are negative. NiCl 2 and FeCl 3 are more structured than NH 4 Cl in DMSO. This is probably due to the higher charge to radius ratio of Ni +2 and Fe 3+ than that of NH 4 + .
